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Point defects
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Vacancy

vacancy concentration
ha |
G(T,p)=U—-TS—-pV

n vacancy N atom

AU = eyn
AV = vyn
Entropy
) N4+ n (N + n)!
S5onfig — kg n ( ) —kgln—2
n N!n!

Stirling-formula
Innl =~ ninn

So
geonfig _ kg [(N 4+ n)In(N+n) — NInN — ninn]

From this
AG =en+ pvon— kg T [(N+ n)In(N+n)— NInN — nlinn]
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Vacancy
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Plastic deformation

Elastic Strain Recovery

Ideal shear
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Plastic deformation

So

From this
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Polényi, Orovan, Taylor (1934)
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Polényi, Orovan, Taylor (1934)

Vito Volterra (1905)
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Dislocation

Ay elesiiszis nem egyszerre megy vighe
Ex esak akkor lehetséges, ha a kristaly
tartalmaz egyméretii racshibakat,
diszlokiciokat.

Py @i g g

o

=
Glide: the number of atom is conserved
Climb: the number of atom is not conserved, requires high temperature.
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Cell structure

dislocation density is p = 1014m—2
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Dislocation

Liselakeli voog,

Field theory of dislocations
Ouj = By = B + B = =B=p+pF

Dislocation density tensor

ajj = e kB = —ewdk &=V xpP=-Vxp°

q:/%w,
A
0
bJ' = 7/;‘eik/8irkﬁlje-dA,' = 7%,85-(!5,‘ = 7-¢-de.
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Dislocation

islocation
ay = bd(€) (& =10b5(¢))

BE(F) = nibid (<)

Multiple with the elastic constants and take its div:

%Cﬁk/% = (%Cgk/ﬁf, =f; (div 6% = div €BP = f)
Displacement field of a screw dislocation
b
uz = ggp

Stress field of a straight dislocation o o b/r

b y(3% +y?)

ST o1 —v) (X2 4 y2)2
_ pb  y(x® —y?)
g22 -
2m(1 — v) (x2 + y2)?
b x(x2 — y2
o — p (=x*=y%)

2m(1 — v) (x2 + y2)2
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Energy of a dislocation

Fcc b=
Bcc

o= |
Il
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Dislocation-dislocation interaction

Let us

leads to

Since
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1
E = E/O’,‘ja,'uj'dv

__ _ext disl
oij = 0y + o

up = u’_ext + u’dlsl
E — l O'-e-XtB‘LI-eXt + o_gxta.uglisl + o_qisla,ugxt + 0-41'5/8.”?”5/ dv
- 2 y (] y Lhe] uy = u (]
gjj = C,-jk,a,-uj

E = Eext + Egisi + /G?taiufiSIdV
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Dislocation dislocation interaction

ext disl
E,-nt:/aij 8,-uj dv

Partial integration

lnt—/a( ext dlsl)dv /(8 ext d:sIdV

Since

Ene = [ oi(ogufav = [ (o5 )dn
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Dislocation-dislocation interaction

drsuloketic voag

u-nak b has a jump on the cut surface!

ext
Eint = bjAUU dn,-

For the moving line

AEjy = bj%d?th(AL x dl);
v

AEp = f (dl x (3%b)); A

Peack Koehler force

f=(6%b) x|
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Dislocation-dislocation interaction

ly, we need

x 1

b
iide = [(6%b) x L]E = n6th = 7b ahol n=

o o

Edge dislocation

W x(x? — d?)
27(1 —v) (x2 + d?)?

f =biby

4
repu‘\sive

Possible equilibrium configurations

Force betwsen edge disiocations F,
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Dislocation multiplication

source

Flow stress (Taylor relation)

TF = apby/p
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Work hardening by precipitate

T[:E[/R

Critical stress
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Partial dislocation

Shockley partial dislocations in fee crystals
- 12 slip systems in fee: for any of the 4 {111} slip
(111) lane planes there are 3 <110> directions

3 dissociation reactions

be written for each plane:
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Grain boundary

o

Small angle grain boundary
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